Abstract
intrusions during the retreat of continental ice sheets, brackish water from the Baltic basin and fresh 73 meteoric water infiltration after the area was exposed above sea level (e.g. Posiva, 2013 The study site is located on an island just off the western coast of Finland and ca. 10 km north from 170 the city of Rauma. The bedrock of the area is composed of metamorphosed supracrustal rocks,
171
which belong to the Paleoproterozoic Svecofennian bedrock domain (Fig 1) . The main rock types 
220
In addition to microbial studies, the isotopic composition of SO4 2-in groundwaters indicates that 221 bacterial sulfate reduction has occurred at Olkiluoto. In the overburden and the shallower parts of 222 the bedrock, SO4
2-concentration is low, typically <100 mg/L, and derived from oxidation of organic 223 material and sulfide minerals (Posiva, 2013 
231
In overburden and shallow bedrock, the δ 13 C values of DIC range from -27.5‰ to -5.8‰ (Fig. 2) .
232
In the fresh and brackish HCO3 were prepared from 2-4 mm thick rock sections, cut perpendicular relative to the fracture surface.
294
Suitable subsamples were selected from the sections, containing typically a few mm thick areas of 295 the filling, which was cut from the rock slides and attached on epoxy buttons. Standards were
296
attached to the same sample buttons prior to SIMS analyses. (Table S1 ).
332
The δ 13 C values of the calcite fillings were divided into groups which follow the sequence of calcite reported from bulk sample analysis of Olkiluoto calcite fillings in a previous study (Sahlstedt et al. 336 2010), but the highly negative δ 13 C values had not been reported in earlier studies (Fig. 3 , Table   337 S1). The low (<-30‰) δ 13 C values were restricted to two fracture fillings, one of which contained 338 calcite with anomalously negative δ 13 C values of <-50‰.The δ 13 C values of calcite in Group 3
339
showed less variation, from -22.1‰ to +11‰ (Table S1 ). Also in Group 3, calcite fillings showed reached +31.6‰ (Fig. 4) . The δ 13 C values of Group 3 calcite varied from -22.1‰ to +11.0‰.
347
Compared to Group 1-2 calcite fillings, the δ 13 C values of Group 3 calcite fillings had a smaller 348 range and did not show similar distinct variation with depth (Fig. 4) 13.7‰ to -2.4‰ in Group 5 and from -13.9‰ to -13.4‰ in Group 4 (Table S1 ). (Table S3 in the Supplementary Material) gathered from Olkiluoto.
366
Comparison with the bulk and SIMS analyses shows that the SIMS data follow the general outline 367 established by the bulk data, but the conventional analyses are able to hide important details of the 368 isotopic variation (Fig. 6) Recycling of old carbonate material can be assumed to dominate in cases when the island was 400 exposed and uplifted above the sea level and the infiltrating waters were of meteoric origin. were from -15.3‰ to -10.9‰ (Fig. 4) connection between BSR and methane oxidation.
422
Highly positive δ 13 C values of fracture calcite were found at depths of >100 m (Fig. 4) organic matter (Fig. 3 ) associated with BSR (Fig. 6) . Overlaying deposits containing organic matter 462 and sulfate were a likely source of substrates for BSR.
463
Group 3 fillings were followed by the precipitation of Group 1-2 fillings on open fracture surfaces.
464
No isotope geochronometric data so far exist from the fillings, and therefore it is difficult to 
484
There is a notable change from negative δ 13 C values to positive ones at the depth range of 50-60 m,
485
which indicates a transition to a methanogenetic environment at this depth range (Fig. 6 ). Positive 486 δ 13 C values are common in the latest fracture calcite precipitates at depths >60 m (Fig. 4, 6 ). In one 487 fracture at the depth of 111 m, the fracture surface of calcite with methanogenetic signature (δ 13 C 488 up to +12.1‰, Table S1 ) was covered by tiny pyrite crystals indicating that methanogenetic change from a sulfidic to a methanic environment is not apparent in this data (Fig. 4) . Instead, the at the depth range of 60-300 m is contained only in one sample (Fig. 5c ). Strong zonation of the 511 pyrite in this sample indicates complex sulfur evolution in the fracture (Sahlstedt et al., 2013 at -18‰ to -12‰, but the peak for Group 3 fillings is more pronounced. 
